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(57) Abstract

A vehicle tracking system (10) includes a sensor (18) (e.g., a GPS sensor) and a vehicle control unit (VCU) (15) attached to a vehicle
(17). The sensor (18) determines the vehicle’s location based on positioning signals received from a plurality of satellites. The VCU (15)
compares the vehicle’s location to a predefined schedule (30a). The predefined schedule (30a) includes a plurality of entries where each
entry corresponds to a location along the vehicle’s route of travel. Furthermore, each entry includes a location value indicating the location
that corresponds with the entry and a time value indicating when the vehicle (17) should be at the location. The VCU (15) determines
whether the vehicle (17) is on schedule or off schedule by comparing the current location of the vehicle (17) as determined by the sensor
(18) and the amount of time elapsed since the start of the route with the entries in the predefined schedule. If the vehicle (17) is off
schedule, then the VCU (15) transmits a status message to a remote location indicating how much the vehicle is off schedule. A computer
(31D) at the remote location is aware of the predefined schedule and assumes that the vehicle (17) is on schedule unless a status message
is received from the VCU (15). If a status message is received, the computer (31b) at the remote location determines the current location
of the vehicle (17) based on the status message.
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APPARATUS AND METHOD FOR MONITORING
TRAVEL OF A MOBILE VEHICLE

CLAIM OF PRIORITY AND CROSS REFERENCE TO
RELATED APPLICATIONS

This document claims priority to copending U.S. provisional
application entitled "APPARATUS AND METHOD FOR MONITORING TRAVEL
OF A MOBILE VEHICLE." assigned serial number 60/115.753, and filed on January
13, 1999, and copending U.S. Provisional application entitled “ BASE STATION
APPARATUS AND METHOD FOR MONITORING TRAVEL OF MOBILE
VEHICLE.” assigned serial number 60/122.482. and filed on March 1. 1999, which

are both incorporated herein by reference.

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The present invention generally relates to data communications. tracking. and
messaging systems and, in particular. to a vehicle monitoring apparatus and method
for use in connection with a tracking system or an advance notification system that
both tracks vehicles and gives advance notice of impending arrivals of vehicles at
particular stops. The vehicle monitoring apparatus and method of the present
invention essentially track and report the status of a mobile vehicle as the vehicle
travels.

RELATED ART

For at least the purposes of allowing advance preparation and scheduling, it
would be desirable to know. in advance and with substantial accuracy, the expected
arrival time of a mobile vehicle (for example but not limited to. a bus. truck. train.
ship, plane. aircraft. erc.) at a particular location. such as a stop along a predefined
route or a destination.

For example, consider a commercial bus station. A person picking up a friend
or relative at the commercial bus station usually calls the bus station to find out the

approximate arrival time (information which is oftentimes unavailable or unreliable)
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and/or arrives at the bus station prior to the scheduled arrival time of the bus. hoping
that the bus is not significantly delayed. With knowledge of accurate arrival
information in advance, adjustments can be made to one’s schedule to avoid having to
wait extended periods for a vehicle. |

Another example involves school children that ride school buses. The arrival
times of school buses at scheduled stops can be significantly affected by many factors,
such as maintenance problems, rush hour traffic, congested urban/suburban
conditions, and adverse weather. As a result, school children typically wait at bus
stops for long periods of time. oftentimes in adverse weather conditions, on unlit
street corners, or in hazardous conditions near busy or secluded streets. An advance
notification system that would inform the students of the school bus’s proximity
would be desirable so that students can avoid having to wait for the school bus at the
bus stop for extended time periods.

Yet another example involves the commercial overnight package delivery
industry, wherein packages are delivered many times on a tight schedule. Customers
oftentimes wait on delivery of important time-critical packages, not knowing precisely
when the delivery will occur. An advance notification system that can inform a
customer of the precise arrival time of a delivery vehicle would be desirable in order
to improve customer service and to allow the customer to better schedule a pickup of
a delivered item.

In order to alleviate the arrival time problem in the context of school buses.
student notification systems have been developed in the past that use a wireless
transmitter on each bus and a compatible wireless receiver inside each student home.
U.S. Patent No. 4,713,661 to Boone ef al. and U.S. Patent No. 4,350,969 describe
systems of this type. When the school bus and its on-board transmitter come within a
certain range of a particular home receiver, the transmitter sends a signal to notify the
student that the school bus is nearby. While such notification systems work
satisfactory under certain circumstances, nevertheless, these systems are limited by
the range of the transmitters and require the purchase of relatively expensive receivers

for each student. In addition, such systems provide little flexibility for providing
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additional information to the students. such as notifying them of the delayed arrival of
a bus or alternative bus route information.

Thus. a heretofore unaddressed need exists in the industry for better systems.
apparatuses, and methods for accurately tracking and/or reporting the status of mobile

vehicles as the vehicles travel.

SUMMARY OF THE INVENTION

The present invention overcomes many inadequacies and deficiencies of the
prior art, as discussed hereinbefore. In general, the present invention provides an
automated computer-based apparatus and method for efficiently monitoring travel of a
vehicle along a predetermined route. The apparatus and method may be used in
connection with, for example but not limited to, a tracking system or an advance
notification system.

In a broad sense, the automated computer-based apparatus of the present
invention includes a sensor, a storage device, and a computer processor. The sensor,
for example, a satellite receiver, determines a current location value indicating a
current location of a mobile vehicle. The storage device includes historical travel data
pertaining to the vehicle schedule along the route. The historical travel data
comprises a plurality of predetermined location values corresponding respectively
with a plurality of locations along a predetermined route of travel of the mobile
vehicle. The predetermined location values are respectively associated with time
values stored in the storage device. The processor uses one of the plurality of
predetermined location values (along with its associated time value), a current time,
and a current location value received from the sensor to determine whether the vehicle
is off schedule. If the vehicle is off schedule by at least a predefined amount, the
processor causes the time when a party is notified of an impending arrival of the
vehicle to be changed.

In accordance with another feature of the present invention, the processor may
be located on the vehicle and may be configured to create and maintain a vehicle
schedule, or historical data, on-board for the vehicle by (1) periodically determining

locations of the mobile vehicle, (2) storing a location value in the storage device for

-
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each of the locations. (3) determining a time value for each location, and (45 storing
the time values in the storage device. Using the foregoing historical data, the
processor can determine whether the vehicle is on or off schedule by comparing a
current location and time with one or more historic locations and times.

In accordance with another feature of the present invention, the processor may
be configured to monitor the deviation of the mobile vehicle from a predefined route
and to transmit an alarm message to a remote computer when the processor
determines that the vehicle has deviated from the predefined route by a predefined
amount (distance, time, efc.).

It should be emphasized that the features of the present invention can be
employed for tracking and reporting on the status of virtually any type of mobile
vehicle, or mobile object. including but not limited to. a bus. truck. train. ship, plane.
aircraft. human being, animal. efc

Other features and advantages of the present invention will become apparent to
one skilled in the art upon examination of the following detailed description, when
read in conjunction with the accompanying drawings. It is intended that all such
features and advantages be included herein within the teachings of the present

invention, as set forth herein and as sought to be protected by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be better understood with reference to the following
drawings. The elements of the drawings are not necessarily to scale relative to each
other, emphasis instead being placed upon clearly illustrating the principles of the
invention. Furthermore, like reference numerals designate corresponding parts
throughout the several views.

Fig. 1 is a block diagram illustrating a vehicle tracking system employed
within the context of an advance notification system in accordance with the preferred
embodiment of the present invention.

Fig. 2 is a block diagram illustrating an implementation of the vehicle control

unit of Fig. 1 in accordance with the preferred embodiment of the present invention.
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Fig. 3 is a block diagram illustrating a computer implementing the
functionality of the vehicle manager of Fig. 1 in accordance with the preferred
embodiment of the present invention.

Fig. 4 is a block diagram illustrating a cdmputer implementing the
functionality of the base station manager of Fig. 1 in accordance with the preferred
embodiment of the present invention.

Fig. 5 is a flow chart illustrating the architecture, functionality. and operation
of the vehicle control unit of Fig. 2 while the vehicle control unit is creating the
vehicle schedule of Fig. 3.

Fig. 6 is a flow chart illustrating the architecture, functionality, and operation
of the vehicle control unit of Fig. 2 while the vehicle control unit is tracking the

vehicle of Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 depicts an automated vehicle tracking system 10 illustrating the
principles of the present invention. As shown by Fig. 1, the vehicle tracking system
10 is preferably employed within the context of an automated advance notification
system 12 that automatically provides advance notice of impending arrivals of
vehicles at destinations or other locations. However, it is possible to utilize the
vehicle tracking system 10 independent of the notification system 12 in applications
where the transmission of a notification message (which will be described in further
detail hereinafter) is not desired.

As depicted in Fig. 1, a vehicle control unit (VCU) 15 is disposed on a mobile
vehicle 17, which is capable of transporting the VCU 15 over various distances. For
example, vehicle 17 can be any movable object or thing, including but not limited to,
an automobile, an airplane, a train, a boat, a human being, an animal, or any other
thing capable of moving across or through the Earth’s surface and/or atmosphere.

In the preferred embodiment, the vehicle 17 is a delivery vehicle for delivering
items to a destination or for picking up items at a destination. Please note that items
can include many various types of packages or goods to be delivered or picked up.

Furthermore. items can also include persons to be picked up or delivered. such as

5
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when a bus picks up and/or delivers passengers at different bus stops. Prefe;ably, the
vehicle 17 travels along a predetermined route in making its deliveries. and the
vehicle 17 may make numerous stops along its route in order to deliver or pick up

different items at different locations.

Vehicle Control Unit

A more detailed view of the VCU 15 is depicted in Fig. 2. A sensor 18 within
VCU 15 is configured to determine the location of the sensor 18 relative to a
predetermined reference point. In the preferred embodiment, sensor 18 is a global
positioning system (GPS) sensor. although other types of positioning systems and/or
sensors are also possible. For example, other types of sensors 18 that may be used to
implement the principles of the present invention include, but are not limited to,
sensors 18 associated with GLONASS, LORAN. Shoran, Decca, or TACAN. The
GPS sensor 18 of the preferred embodiment is configured to receive signals 21a-21¢
from a plurality of GPS satellites 23, and as known in the art, sensor 18 is designed to
analyze signals 21a-21c in order to determine the sensor’s location or coordinate
values relative to a predetermined reference point. For example, in the preferred
embodiment where sensor 18 is a GPS sensor. the sensor 18 determines the sensor’s
location values relative to the Earth’s zero degree latitude and zero degree longitude
reference point, which is located at the intersection of the Equator and the Prime
Meridian. U.S. Patent No. 5.781.156 entitled “GPS Receiver and Method for
Processing GPS Signals” and filed on April 23, 1997 by Krasner, which is
incorporated herein by reference, discusses the processing of GPS signals 21a - 21¢
received from GPS satellites 23 in order to determine the sensor’s location values.
Since the sensor 18 is located within VCU 15, the location values determined by the
sensor 18 are assumed to match the location values of the vehicle 17 and the VCU 15.

It should be noted that the term “location value™ shall be defined herein to
mean any value or set of values that may be used to determine a location of a point on
the Earth or within the Earth’s atmosphere. This value may be a coordinate value
(i.e., grid value), polar value. vector value, or any other type of value or values known

in the art for indicating locations of points.
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Sensor 18 is designed to transmit a signal 27 to vehicle manager 29 indicating
the vehicle's current location values. Vehicle manager 29 is configured to receive
signal 27 and to monitor the location of the vehicle 17 over time by processing
multiple signals 27. The vehicle manager 29 can be implemented in software. hardware,
or a combinationthereof. In the preferred embodiment, as illustrated by way of example
in Fig. 3, the vehicle manager 29 of the present invention along with its associated
methodology is implemented in software and stored in computer memory 30a of a
computer system 31a.

Note that the vehicle manager 29 can be stored and transported on any
computer-readablemedium for use by or in connection with an instruction execution
system, apparatus, or device, such as a computer-based system, processor-containing
system, or other system that can fetch the instructions from the instruction execution
system, apparatus, or device and execute the instructions. In the context of this
document, a “computer-readable medium™ can be any means that can contain, store,
communicate, propagate, or transport the program for use by or in connection with the
instruction execution system, apparatus, or device. The computer readable medium
can be. for example but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, apparatus, device, or propagation
medium. More specific examples (a nonexhaustive list) of the computer-readable
medium would include the following: an electrical connection (electronic) having one
or more wires. a portable computer diskette (magnetic), a random access memory
(RAM) (magnetic), a read-only memory (ROM) (magnetic), an erasable
programmable read-only memory (EPROM or Flash memory) (magnetic), an optical
fiber (optical), and a portable compact disc read-only memory (CDROM) (optical).
Note that the computer-readable medium could even be paper or another suitable
medium upon which the program is printed, as the program can be electronically
captured, via for instance optical scanning of the paper or other medium, then
compiled, interpreted or otherwise processed in a suitable manner if necessary, and
then stored in a computer memory. As an example, the vehicle manager 29 may be

magnetically stored and transported on a conventional portable computer diskette.
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The preferred embodiment of the computer system 31a of Fig. 3 comprises one
or more conventional processing elements 32a. such as a digital signal processor (DSP).
that communicate to and drive the other elements within the system 31a via a local
interface 33a. which can include one or more buses. Furthermore.an input device 34a,
for example, a keyboard or a mouse, can be used to input data from a user of the system
31a,and screen display 35a or a printer 36a can be used to output data to the user. A
disk storage mechanism 37a can be connected to the local interface 33a to transfer data
to and from a nonvolatile disk (e.g., magnetic. optical. ezc.). It should be noted that
input device 34a, display 35a, printer 36a, and disk 37a are optional and are not a part of
the preferred embodiment, although other embodiments may include these features.

The vehicle manager 29 is preferably configured to maintain a predefined
schedule 39a. referred to herein as the “vehicle schedule 39a,” within memory 30a.
The predefined vehicle schedule 39a corresponds with a route of travel for the vehicle
17. In this regard. the predefined vehicle schedule 39a stored in memory 30a includes
data defining locations along the vehicle’s intended route of travel. Furthermore, each
location is associated with a particular time value indicating when the vehicle 17 is
expected to reach the associated location. Each time value along with its associated
location defines an entry in the vehicle schedule 39a.

In the preferred embodiment, the time value corresponds to the estimated
amount of time that should lapse between the time that the vehicle 17 starts its
intended route and the time that the vehicle 17 reaches the associated location along
the route. However, other time values may be used without departing from the
principles of the present invention. For example, the time of day that the vehicle 17 is
expected to reach the associated location may be used. Any time value that indicates
when the vehicle 17 is expected to reach the associated location is sufficient for the
purposes of the present invention. However, for illustrative purposes, the present
invention will be discussed hereinafter assuming that the time values in the entries of
the vehicle schedule 39a conform to the preferred embodiment (i.e., that the time
values represent the amount of time that should lapse between the time that the
vehicle 17 starts its intended route and the time that the vehicle 17 reaches the

associated location along the route).
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The vehicle manager 29 is configured to monitor the amount of time that
lapses as the vehicle 17 travels along the vehicle’s route. For example, the computer
system 31a can include a clock 38a that indicates the time of day. In this situation, the
vehicle manager 29 is configured to store the time value of the clock 38a when the
vehicle 17 begins the route. Therefore, the vehicle manager 29 can determine the
amount of time that has lapsed since the start of the route by comparing the current
time value of the clock 38a versus the stored time value for the start of the route.
Alternatively, the clock 38a can be designed as a counter that begins timing or
counting in response to a start signal transmitted by the vehicle manager 29.
Therefore, the vehicle manager 29 transmits the start signal when the vehicle 17 starts
the route, and thereafter, the vehicle manager 29 can determine the amount of time
that has lapsed since the start of the route by analyzing the value of the clock 38a.
Other devices and/or methodologies may be employed to determine the amount of
time that has lapsed since the start of the route without departing from the principles
of the present invention.

As the vehicle 17 travels along the predetermined route of travel, the vehicle
manager 29 is configured to determine the vehicle’s current position by analyzing the
location values from the sensor 18. Furthermore, as the vehicle 17 travels, the
vehicle 17 passes the points or locations along the route that are defined in the vehicle
schedule 39a. The vehicle manager 29 is designed to compare the current location
values of the vehicle 17 (i.e.. of the sensor 18) with the location values defined by the
vehicle schedule 39a in order to determine which entry in the vehicle schedule 39a
corresponds with the current location of the vehicle 17. In the preferred embodiment,
the entry that corresponds with the current location of the vehicle 17 is the entry
having location values most closely matching the location values currently supplied
by the sensor 18. In other words, the corresponding entry includes location values
representing the location that is closest to the location of the vehicle 17. This entry
will be referred to hereinafter as the “corresponding entry.”

After determining which entry corresponds with the current location of the
vehicle 17, the vehicle manager 29 is designed to determine whether the vehicle 17 is

off schedule or on schedule. The vehicle 17 is off schedule if the amount of time that
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has lapsed since the start of the route differs from an estimated lapsed time by a
predetermined amount of time. In the preferred embodiment, the estimated lapsed
time is represented by the time value in the corresponding entry of the vehicle
schedule 39a. As an example. assume for illustrative purposes only that the
predetermined amount of time is five minutes. If the vehicle manager 29 determines
that the difference between the actual lapsed time since the start of the trip and the
estimated lapsed time (i.e., the time value in the corresponding entry) is greater than
five minutes, then the vehicle 17 is off schedule. Otherwise the vehicle 17 is on
schedule.

Furthermore. if the vehicle 17 is off schedule, then the vehicle manager 29 is
also designed to determine whether the vehicle 17 is early or late. If the actual time
lapsed since the start of the trip is greater than the estimated lapsed time, then the
vehicle 17 is late. If the actual time lapsed since the start of the trip is less than the
estimated lapsed time, then the vehicle 17 is early.

Alternatively, the vehicle manager 29 can be configured to select the
corresponding entry in the predefined schedule 39a via comparison of time values
instead of location values. In this regard. the vehicle manager 29 can be configured to
compare the current time value indicated by the clock 38a (e.g., the lapsed time since
the start of the route) with the time values in the entries of the vehicle schedule 39a.
The corresponding entry is then the entry in vehicle schedule 39a having the estimated
time value that differs the least with the actual time value indicated by clock 38a.

In this situation, the vehicle manager 29 compares the current location values
from sensor 18 with the location values associated with the corresponding entry of the
vehicle schedule 39a in order to determine whether or not the vehicle 17 is on
schedule. If the location values differ by more than a predefined threshold value, then
the vehicle 17 is off schedule. Otherwise. the vehicle is on schedule. Furthermore, if
the actual location of the vehicle 17 (as defined by the current location values from
sensor 18) is further along the route of travel than the location associated with the
corresponding entry (as defined by the location values in the corresponding entry),
then the vehicle 17 is early. If the location associated with the corresponding entry (as

defined by the location values in the corresponding entry) is further along the route of
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travel than the actual location of the vehicle 17 (as defined by the current location
values from sensor 18), then the vehicle 17 is late.

In response to a determination by the vehicle manager 29 that the vehicle 17 is
off schedule. the vehicle manager 29 is designed to transmit a status message to Base
Station Control Unit (BSCU) 40 (Fig. 1), which is remotely located from the vehicle
17. The status message preferably indicates that vehicle 17 is off schedule and
indicates the amount that vehicle 17 is off schedule. Co-pending U.S. Patent
Application entitled “System and Method for Enciphering and Communicating
Vehicle Tracking Information” filed by Jones, e al. on September 30, 1998, and
assigned serial no. 09/163.606, which is incorporated herein by reference, describes a

system and method for transmitting messages to BSCU 40.

Transmission of a Status Message

BSCU 40 preferably includes a base station manager 41 designed to monitor
the travel of each vehicle 17 associated with the system 10. The base station manager
41 can be implemented in software, hardware, or a combination thereof. Inthe
preferred embodiment. as illustrated by way of example in Fig. 4, the base station
manager 41 of the present invention along with its associated methodology is
implemented in software and stored in computer memory 30b of a computer system
31b. The computer system 31b can be similar to computer system 31a, as can be seen
by comparing Fig. 3 to Fig. 4. In this regard. the computer system 31b may include
memory 30b for storing the base station manager 41, and the computer system 31b
may also include processing element 32b, local interface 33b, input 34b. display 35b,
printer 36b, and storage disk 37b. It may also be desirable for computer system 31b to
include a network interface 42 that allows the system 31b to exchange data with a
network 43. It should be noted that input device 34b, display 35b, printer 36b. disk 37b,
network interface 42. and network 43 are optional.

In order to transmit the status message to the BSCU 40, the vehicle manager
29 is configured to transmit the status message, via signal 43 (Fig. 2),toa
communications device 44, which is capable of transmitting and receiving data to and

from devices outside of vehicle 17. In this regard, communications device 44 is
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preferably a cellular modem configured to transmit and receive wireless sigr;als to and
from a cellular network 48 (Fig. 1).

The communications device 44 can transmit the status message over the voice
channels associated with the cellular network 48. as is done by most cellular modems
of the prior art. However, in order to reduce the cost associated with transmitting the
travel data through the cellular network 48, the status message may be communicated
through the cellular network 48 via a data or control channel. In this regard, the status
message can be encoded by altering identifiers of the communications device 44, such
as the mobile identification number (MIN) or electronic serial number (ESN),
transmitted over a data channel of the cellular network 48. Alternatively, the status
message can be appended to a feature request transmitted over the data channel. U.S.
Patent No. 5,771,445 entitled “Data Messaging in a Communications Network using a
Feature Request.” filed on December 15. 1995, by Kennedy, I1I, et al., and U.S.
Patent No. 5,546,444 entitled “Methods and Apparatus for Communicating Data Via a
Cellular Network Control Channel” filed on March 11, 1994, by Roach, Jr., et al.,
which are both incorporated herein by reference, discuss the transmission of travel
data over a data or control channel associated with the cellular network 48 in further
detail.

In order to transmit the status message through a data channel by manipulating
identifiers of the communications device 44, the MIN of the communications device
44 is altered to include the status message, but the ESN remains fixed to be used as an
identifier of the communications device 44. Therefore, after transmitting the
identifiers through the data channel, the communications device 44 can be identified
by the ESN, and the status message can be determined from the MIN. Alternatively,
the ESN of communications device 44 can be altered while the MIN is kept constant.
It should be understood that the invention contemplates modification of the MIN,
ESN, both the MIN and ESN, or other identifiers of the communications device 44 to
accomplish the dual task of transmitting status messages and identifying the
communications device 44.

Alternatively or in combination with the manipulation of the identifiers of the

communications device 44, the status message can be communicated through the data
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channel by appending the status message to feature requests that are transmitted
through the data channel. In this regard. most feature requests are generated by
automatically or manually dialing the star key (“*”) followed by a two-digit feature
request identification code. and 29 digits of data. Therefore. for each feature request
generated. 29 digits of data pertaining to the status message can be appended to the
two-digit feature request identification code and sent over the data channel of the
cellular network 48. Other embodiments may transmit different amounts of data
following the feature request. By utilizing the manipulation of identifiers or the
appendage of travel data to feature requests, less data is transmitted through the voice
channels of the cellular network 48. thereby reducing the cost of transmitting data
through the cellular network 48.

In order for successful communication to exist between vehicle manager 29
and base station manager 41. both managers 29 and 41 should be aware of the
communication protocol utilized. Therefore. it is desirable for the base station
manager 41 or the vehicle manager 29 to initially transmit an instruction via the data
channel of the cellular network 48 to the other manager 29 or 41 indicating the
protocol to be utilized. Thereafter, the vehicle manager 29 transmits messages to the
base station manager 41 via the selected protocol.

Cellular network 48 is designed to transmit the status message t0 a
communications device 52 (Fig. 1) at the BSCU 40. Although not necessary for
implementation of the present invention, cellular network 48 is preferably designed to
transmit to the communications device 52 via a public switched telephone network
(PSTN) 55. In this regard, PSTN 55 establishes a link between communications
device 52 and cellular network 48, whereby cellular network 48 and communications
device 52 can communicate via signals 61 and 65. Therefore, communications device
52 is preferably designed as a PSTN modem capable of communicating signals 65
between base station manager 41 and PSTN network 55.

Although the preferred embodiment utilizes a cellular network 48 and a PSTN
network 55 to communicate travel data to base station manager 41, one ordinarily
skilled in the art should realize that other configurations are possible. For example,

communications device 52 can be configured as a cellular modem capable of
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communicating signals directly with cellular network 48. Alternatively, utiiization of
communication networks 48 and 55 can be completely circumvented by configuring
the communications device 44 to communicate directly with communications device
52, for example. Any embodiment capable of communicating data between vehicle
manager 29 and base station manager 41 should be suitable for implementing the
principles of the present invention.

It should be noted that by transmitting a status message only when the vehicle
17 is off schedule reduces the cost of operating the system 10. In this regard.
communication through a cellular network 48 is relatively expensive, and the cost is
based on the amount of data transmitted. By refraining from transmitting any data
from the vehicle manager 29 to the base station manager 41 when the vehicle 17 is on
schedule, the amount of data transmitted through the cellular network 48 is reduced.
thereby reducing the communication cost associated with the system 10. Therefore,
the present invention’s methodology of assuming the vehicle 17 is on schedule and of
only transmitting data to the base station manager 41 when the vehicle 17 is off

schedule enables the system 10 to minimize costs.

Base Station Manager

Base station manager 41 is designed to monitor the travel of the vehicle 17 and
(when employed in the context of advance notification system 12) is also designed to
transmit a notification message to a user when the vehicle 17 is a predetermined
proximity from a particular vehicle destination or other location. The predetermined
proximity can be a particular time or distance that the vehicle 17 is from the
destination. If the vehicle 17 is off schedule, then the base station manager 41 is
further configured to transmit a message to the user indicating that the vehicle 17 is
off schedule.

The base station manager 41 of tracking system 10 is designed to determine
the current location of the vehicle 17 and to compare the current location of the
vehicle 17 to a predefined location along the route of travel of the vehicle 17 in order
to determine whether notification should be sent to the user. In this regard. like the

vehicle manager 29, the base station manager 41 includes a predefined schedule 39b,
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referred herein as the “base station schedule 39b.” in memory 30b. Furthermore.
similar to the computer system 31a (Fig. 3). the computer system 31b (Fig. 4) includes
a clock 39b or other type of counter that can be used to determine the amount of time
that has lapsed since the vehicle 17 started traveling along the vehicle’s route. When
the vehicle 17 begins the route, the vehicle manager 29 preferably transmits a message
to the base station manager 41 via communication devices 44 and 52 indicating that
travel on the route is beginning. In response. the base station manager 41, like the
vehicle manager 29. begins monitoring the amount of time lapsed since the start of the
route.

In the preferred embodiment, the base station schedule 39b stored in memory
30b matches the vehicle schedule 39a stored in memory 30a, although variations in
the two predefined schedules 39a and 39b are possible. Furthermore, the base station
manager 41 is configured to retrieve an entry, the “corresponding entry.” in the base
station schedule 39b corresponding with the amount of time lapsed since the vehicle
17 began travelling its route. In this regard, the base station manager 41 compares the
amount of time that has lapsed since the vehicle 17 began its route (as determined
from the clock 38b at the BSCU 40) with the time values in the base station schedule
39b. The corresponding entry in the base station schedule 39b is the entry having the
time value differing the least with the value indicated by the clock 38b (i.e., the time
value indicating the amount of time that has lapsed since the vehicle 17 began its
route).

The base station manager 41 assumes that the vehicle 17 is on schedule. unless
the base station manager 41 has received a recent status message from the vehicle
manager 29. As used herein, a “recent status message” is the most recent status
message that has been received by the base station manager 41 within a predetermined
time. For example, a recent status message could be the latest status message received
within the last five minutes or some other suitable time frame. Therefore. if the base
station manager 41 has not received a recent status message from the vehicle manager
29, then the base station manager 41 assumes that the location values in the
corresponding entry of the predefined base station schedule 39b indicate the current

location of the vehicle 17.
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Recalling that base station manager 41 (when employed within the context of
notification system 12) is to transmit a notification message when the vehicle 17 is a
predetermined proximity from a particular location (e.g., a vehicle stop), the base
station manager 41 then compares the location values in the corresponding entry
(which represents the current location of the vehicle 17) with location values defining
the predetermined proximity. If the location values from the corresponding entry
differ from the location values of the predetermined proximity by less than a
predetermined amount. then the base station manager 41 transmits a notification
message to the user. Otherwise no notification message is transmitted to the user.

Alternatively, the base station manager 41 can be configured to compare time
values instead of location values in order to determine whether a notification message
should be transmitted to the user. In this regard, the base station manager 41 is
designed to compare the time value in the corresponding entry with a predetermined
threshold value indicating the amount of time that should lapse between the vehicle 17
starting its route and arriving at a location associated with the predetermined
proximity (e.g., a threshold value indicating how long the vehicle should travel along
its route before notification should be sent to the user). If the threshold value in the
corresponding entry exceeds the predetermined time value, then the base station 41
transmits a notification message to the user.

If the base station manager 41 of tracking system 10 has received a recent
status message from the vehicle manager 29. then the base station manager 41
determines the actual location values of the vehicle 17 based on the location values in
the corresponding entry and the recent status message. In this regard. the location
values in the corresponding entry represent the estimated location of the vehicle 17.
The status message indicates how much the vehicle 17 is off schedule (i.e., how far
the vehicle 17 is from the estimated location). For example, the status message can
indicate that the vehicle is five miles off schedule. Therefore, the base station
manager 41 is designed to calculate new location values based on the estimated
Jocation and the status message. These new location values represent the actual
location of the vehicle 17. Therefore, by substituting the new location values for the

values in the corresponding entry, the base station manager 41 can determine whether
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a notification message should be sent to the user according to the methodolégy
described hereinabove.

Furthermore, instead of indicating how far the vehicle is from the estimated
location via location values, the status message‘can indicate how far the vehicle 17 is
from the estimated location via a time value (e.g., the status message can indicate that
the vehicle 17 is ten minutes late). In this case, the base station manager 41 is
designed to adjust the time value in the corresponding entry to account for the vehicle
17 being off schedule. For example, if the vehicle 17 is early, then the time value in
the corresponding entry is increased a corresponding amount, and if the vehicle 17 is
late, then the time value in the corresponding entry is decreased a corresponding
amount. This adjusted time value is then compared with the predetermined threshold
value described hereinabove in order to determine whether notification should be sent.
If the adjusted time exceeds the predetermined time value. then the base station 41
transmits a notification message to the user.

In an alternative embodiment, the location values transmitted in the status
message can represent the actual location of the vehicle 17 instead of representing
how far the vehicle 17 is off schedule. In this embodiment, the base station manager
41 can be designed to directly compare these location values with the location values
defining the predetermined proximity in order to determine whether notification
should be sent to the user. Accordingly, if these location values differ from the
location values defining the predetermined proximity by less than a predetermined
amount, then the base station manager 41 transmits a notification message to the user.

Otherwise. no notification message is sent to the user.

Transmission of a Notification Message

Once the base station manager 41 of systems 10 and 12 determines that a
notification message should be sent to a user, the base station manager 41 is designed
to communicate a message to the user via PSTN network 55 and communications
devices 72 and 73 (Fig. 1). In this regard, communications devices 72 and 73 are
preferably PSTN modems capable of interfacing with and communicating with PSTN

network 55. Base station manager 41 is designed to transmit the message as signal 70
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to user communications device 72, which communicates the message with PTSN
network 55 via signal 74. PTSN network 55 then communicates the message to
communications device 73, which is preferably configured to communicate the
message to a message device 75. Message device 75 is configured to notify the user
of the impending arrival of the vehicle 17 at one of the vehicle stops. Preferably,
message device 75 is a computer capable of displaying the notification through e-mail
or some other communications software. Alternatively, message device 75 can be a
telephone, a pager or any other device capable of notifying the user. Furthermore, a
plurality of communications devices 72 preferably exist so that the base station
manager 41 can simultaneously notify a plurality of users or parties of the impending
arrival of the vehicle 17 at the vehicle stop.

Although the preferred embodiment utilizes a PSTN network 55 to
communicate a notification message to message device 75, one ordinarily skilled in
the art should realize that other configurations are possible. For example, other
communication networks can be utilized or utilization of communication networks
can be completely circumvented by configuring communications device 72 to
communicate directly with communications device 73. Any embodiment capable of
communicating data between base station manager 41 and message device 75 should

be suitable for implementing the principles of the present invention.

Creation of the Vehicle and Base Station Schedules

It should be noted that the predefined vehicle schedule 39a and the predefined
base station schedule 39b can be determined or defined by a variety of methodologies.
For example, the predetermined schedules 39a and 39b can be estimated based on
various factors, such as the types of speeds likely to be traveled by the vehicle 17 and
the types of traffic conditions expected to be encountered during travel. However, in
the preferred embodiment, the predefined schedules 39a and 39b are defined via a
previous delivery of the vehicle 17 along the same route of travel.

In this regard, delivery vehicles 17 frequently travel the same routes. This is
especially true for buses, for example, where a bus routinely travels the same route

and makes the same stops. As the vehicle 17 is traveling the route, the vehicle
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manager 29 is configured to periodically read the sensor 18 and to store an e;xtry in
memory 30a. The entry preferably includes the current location values of the vehicle
17 indicated by sensor 18 and the time value indicated by clock 38a (i.e.. the time
value indicating the amount of time that has lapséd since the start of the travel on the
route). Therefore, when the vehicle 17 reaches the end of the route, the vehicle
manager 29 has stored numerous entries which define the predefined vehicle schedule
39a. This predefined schedule 39a may also be used as the base station schedule 39b.
Other methodologies may be employed to define the vehicle schedule 39a and/or the
base station schedule 39b.

Fig. 5 is a flow chart depicting the operation and functionality of the vehicle
manager 29 in embodiments where the vehicle manager 29 determines the vehicle
schedule 39a while traveling along the route of travel. As shown by blocks 76 and 77,
the vehicle manager 29 determines whether a sample period has expired while the
vehicle is traveling on the route (i.e., before the vehicle 17 has finished the route).

The sample period is a predetermined amount of time that lapses between samples,
which will be discussed in more detail hereinbelow. Preferably, the vehicle clock 38a
indicates whether the sample period has expired. For example, when the clock 38a is
a counter, the sample period can be defined as a predetermined number of counts by
the clock 38a. Therefore, the vehicle manger 29 can determine whether the sample
period has expired by counting the number of increments or cycles of the clock 38a.

When the vehicle manager 29 determines that the sample period has expired.
the vehicle manager 29 samples the current location values of the vehicle 17 and the
time value of the clock 38a. In other words, the vehicle manager 29 determines the
current location values of the vehicle 17 and the current time value from the clock 38a
and stores these values in the next entry of the vehicle schedule 39a, as depicted by
blocks 78 and 79. This process repeats until the vehicle manager 29 determines that
the vehicle 17 has completed the route. Thereafter, the vehicle manager 29 can use
the vehicle schedule 39a to track the vehicle’s progress on future deliveries that utilize

the route defined by the vehicle schedule 39a.
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Alarm System

Preferably. the vehicle manager 29 is fﬁrther configured to compare the
corresponding entry and the location values supplied from the sensor 18 in order to
determine whether an alarm signal should be generated. In this regard, the vehicle
manager 29 preferably subtracts the location values in the corresponding entry from
the current location values of the vehicle 17 (as determined by the sensor 18) to
produce a deviation indicator. Therefore, the deviation indicator indicates how far the
vehicle 17 has deviated from the route defined by the vehicle schedule 39a.

The vehicle manager 29 is then designed to compare the deviation indictor to
an alarm threshold value to determine whether an alarm signal should be transmitted
to the base station manager 41. The alarm threshold value corresponds with the
distance that the vehicle 17 can deviate from the predefined vehicle schedule 39a
before an alarm is generated. Therefore, if the deviation indicator exceeds the alarm
threshold value, the vehicle manager 29 transmits an alarm message to the base station
manager 41 via communications devices 44 and 52. Preferably the alarm message
includes the current location values produced by the sensor 18 so that the travel of the
vehicle 17 can be tracked by the base station manager 41.

Providing an alarm message, as described hereinabove, helps to discover when
a vehicle 17 has been stolen or hijacked and helps law enforcement agencies to
recover the vehicle 17 by tracking the travel of the vehicle 17 once the vehicle 17 has
been stolen. In this regard. the vehicle manager 29 automatically generates an alarm
message and monitors travel of the vehicle 17 once the vehicle 17 deviates from the
vehicle schedule 39a by a predetermined amount. The alarm message can be used by
law enforcement agencies to discover when the vehicle 17 has been stolen and where
the vehicle 17 is located, thereby helping law enforcement agencies to recover the
vehicle 17 once it has been stolen.

Because the deviation indicator is defined relative to points along the vehicle’s
route of travel, an alarm can be generated when the vehicle 17 deviates from the route

by a relatively small amount. For example, the vehicle manager 29 can be configured
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to transmit an alarm signal when the vehicle 17 deviates from its predefined Toute by
approximately 20 feet. Other distances, both less than and greater than 20 feet, may
be used to trigger an alarm signal. However, it is generally desirable that a certain
amount of deviation (depending on the expectedv driving conditions and the precision
of sensor 18) be allowed so that the vehicle 17 can reasonably maneuver through
traffic without generating false alarms.

In addition, the alarm threshold value is selectable in the preferred
embodiment. This value can be entered into the computer system 31a by a human
operator at the vehicle 17 via input device 34a, for example. Alternatively, this value
can be communicated from the base station manager 41 to the vehicle manager 29 via
communications devices 44 and 52 at or around the start of the route. The alarm
threshold value can also be hardwired into the computer system 31a with switches that
can be manipulated by a human operator in order to selectively change the value.
Many other methodologies known in the art may be used for selecting the value of the
alarm threshold value.

It should be noted that in other embodiments, it may be desirable for the
vehicle manager 29 to generate an alarm signal based on comparisons of the location
of vehicle 17 to a predefined geographical region instead of the route defined in
vehicle schedule 39a. For example, it may desirable to define a region that is 30 miles
(or some other distance) from the start of the route (or some other particular location).
Then, the vehicle manager 29 can be configured to generate an alarm signal if the
vehicle manager 29 determines that the vehicle 17 is outside of this predefined region
based on the signals 27 received from sensor 18. Such a methodology for generating
an alarm signal is particularly suitable for applications where only local deliveries are
expected, for example.

There are various methodologies for determining whether the vehicle 17 is
outside of the predefined region. For example. in one embodiment. the vehicle
manger 29 subtracts the current location values determined from signals 27 with the
location values of a particular point (e.g., the location values of the start of the route,
when the region is defined as any point within a certain distance of the start of the

route) to derive the deviation indicator. As in the preferred embodiment, if the
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deviation indicator has a magnitude greater than the alarm threshold value. the vehicle

manager 29 generates an alarm signal. Otherwise, no alarm signal is generated.

Second Embodiment of the VCU

In a second embodiment of the present invention, the “corresponding entry” of
the vehicle schedule 39a is defined as the entry having location values defining a
location along the route that was most recently passed by the vehicle 17. Therefore,
the vehicle manager 29 monitors the signals 27 from the sensor 18 until the vehicle
manager 29 determines that the vehicle passed a location corresponding with one of
the entries in the vehicle schedule 39a. The vehicle manager 29 determines whether
the vehicle 17 is early or late via the techniques described hereinabove using the
aforementioned entry as the corresponding entry.

After determining whether to generate an alarm signal and/or status message
for the corresponding entry (and after generating the alarm signal and/or the status
message, if necessary), the vehicle manager 29 monitors the signals 27 again for the
next corresponding entry. Therefore, when a corresponding entry is detected (i.e.,
when the vehicle manager 29 determines that the vehicle 17 passed a location
corresponding with the location values in one of the entries of the vehicle schedule
39a for the first time), the vehicle manager 29 analyzes the values of the sensor 18, the
clock 38a, and the corresponding entry to determine whether an alarm signal and/or
status message should be generated. Thereafter. the vehicle manager 29 waits until
the next corresponding entry is detected before determining whether to generate
another status message. Therefore, the vehicle manager 29 determines whether a
status message should be communicated to the base station manager 41 each time the
vehicle 17 passes a location corresponding with the location values in one of the
entries of the vehicle schedule 39a, and the vehicle manager 29 refrains from
communicating status messages as the vehicle 17 travels between locations defined by
the data in the vehicle schedule 39a. In other words, the only time the vehicle
manager 28 transmits a status message is when the vehicle 17 is passing a location
corresponding with one of the entries in the vehicle schedule 39a or a short time

thereafter.
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However. since it is possible for the vehicle 17 not to pass any of the locations
defined in the predefined schedule when the vehicle deviates from the route (e.g.,
when the vehicle 17 is stolen), the vehicle manager 29 preferably determines whether
to communicate an alarm signal periodically rather than waiting for one of the

locations defined by the vehicle manager 29 to be passed.

OPERATION

The preferred use and operation of the system 10 and associated methodology
are described hereafter. For illustrative purposes only, assume that the vehicle 17 is to
travel a predetermined route to a destination where the vehicle 17 is to pick up or
deliver an item. For example, assume that the vehicle 17 is a bus that is to travel to a
bus stop to pick up a passenger and that this passenger is to receive a notification
signal when the vehicle 17 is ten minutes from the bus stop.

Initially, the vehicle schedule 39a is stored in the vehicle manager 29 and the
base station schedule 39a is stored in the base station manager 41. In the preferred
embodiment. the vehicle schedule 39a was created and stored in the vehicle manager
29 as the vehicle 17 previously traveled along the same route. A copy of the vehicle
schedule 39a is preferably transferred to the base station manager 41 via any suitable
methodology and stored as the base station schedule 39a. For example, the vehicle
schedule 39a can be copied to a magnetic disk and later downloaded in memory 30b
or a copy of the vehicle schedule 39a can be transmitted to the base station manager
41 via communications devices 44 and 52.

In embodiments where the vehicle schedule 39a is not previously created and
stored by the vehicle manager 29, the vehicle schedule 39a is preferably downloaded
into both the base station manager 41 and the vehicle manager 29. It is possible to
download the base station schedule 39a in the base station manager 41 and to transmit
a copy of the base station schedule 39a to the vehicle manager 29 via communications
devices 44 and 52 prior to the start of the route. Any methodology for respectively
storing the vehicle schedule 39a and the base station schedule 39b into the vehicle
manager 29 and the base station manager 41 is suitable for the purposes of the present

invention.
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When the vehicle 17 begins travel, the vehicle manager 29 stores the current
vlaue of the vehicle clock 38a and begins to monitor the amount of time that lapses
from that point until completion of the route. Furthermore, as can be seen by block 82
of Fig. 6, the vehicle manager 29 also transmits a start signal to the base station
manger 41 via communications devices 44 and 52 indicating that travel of the vehicle
17 is beginning. In response. the base station manager 41 begins to monitor the
lapsed time as well.

In many situations, it may be desirable to begin monitoring travel of the
vehicle 17 after the vehicle 17 starts its route. This is particularly true when
unpredictable delays usually occur close to the staring point of the route. For
example, when the vehicle 17 is a school bus taking children home from school,
unpredictable delays may occur close to the starting point (i.e., at the school) where
traffic is often congested. Therefore, instead of transmitting a start signal to the base
station manager 41 when the vehicle 17 begins traveling, the vehicle manager 29
waits for a predetermined time period or until the vehicle 17 has traveled a
predetermined distance from the starting point before transmitting the start signal. For
example, the vehicle manager 29 can monitor the travel of the vehicle 17 from the
starting point via the sensor 18 and transmit the start signal once the vehicle manager
29 determines that the vehicle has traveled one-eighth of a mile from the starting
point. In this regard, location values representing a predetermined point along the
route of travel and one-eighth of a mile from the starting point can be stored in the
vehicle manager 29. When the vehicle manager 29 determines that the vehicle 17
passes this point, the vehicle manager 29 determines that the vehicle 29 has traveled
more than one-eighth of a mile and transmits the start signal.

Preferably, the predetermined schedules 39a and 39b both use the point where
the vehicle manager 29 transmits the start signal as the starting point for the route.
Therefore, the distances and times stored in the predetermined schedules 39a and 39b
are relative to the predetermined location where vehicle manager 29 transmits the start
signal instead of the actual starting point of the route. However, this is nota

necessary feature of the present invention, and the location values and time values
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stored in the predetermined schedules 39a and 39b may be relative to other points
both along the route of travel and outside of the route of travel.

As the vehicle 17 travels, GPS satellites 23 transmit wireless signals 21a-21c
to sensor 18 that can be analyzed through techﬁiques well known in the art to
determine a position (i.e., current location values) of the sensor 18 (and, therefore, of
the vehicle 17) relative to a particular reference point, as depicted by block 85 of Fig.
6. For example, in GPS systems, the intersection of the Equator and the Prime
Meridian is typically used as the reference point. Sensor 18 receives the signals 21a-
21c and determines location values representing the position of the vehicle 17 relative
to the reference point and transmits these values to vehicle manager 29.

The vehicle manager 29 compares the current location values of the vehicle 17
with the location values in the vehicle schedule 39a in order to determine which entry
in the vehicle schedule 39a corresponds with the current location of the vehicle 17, as
shown by block 87 of Fig. 6. The corresponding entry is preferably the entry having
location values that most closely match the current location values received from the
sensor 18.

After selecting the corresponding entry. the vehicle manager 29 retrieves the
location values associated with the corresponding entry and subtracts these values
from the current location values received from the sensor 18 and used by the vehicle
manager 29 to select the corresponding entry. Referring to block 91 of Fig. 6, the
resulting value or values (referred to as the deviation indicator) indicates the vehicle’s
deviation from the vehicle schedule 39a. As shown by block 93 of Fig. 6, the vehicle
manager 29 then compares the deviation indicator to the alarm threshold value. If the
deviation indicator exceeds the alarm threshold value. then the vehicle manager 29
transmits an alarm message to the base station manager 41, as depicted by block 95 of
Fig. 6. The alarm message includes the current location of the vehicle 18, and the
base station manager 41 tracks the location of the vehicle 17 based on the alarm
messages transmitted from the vehicle manager 29. The information provided by the
alarm message can be used by law enforcement agencies to track the vehicle 18.

After determining whether an alarm message should be generated, the vehicle

manager 29 retrieves the time value associated with the corresponding entry and
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compares it with the time value indicated by clock 38a (i.e., the time value i;ldicating
the amount of time elapsed since the start of the route). The vehicle manager 29 also
retrieves a predetermined threshold value indicating how much the vehicle 17 can
deviate from the vehicle predefined schedule 39a before the vehicle 17 is considered
to be off schedule. Referring to block 97 of Fig. 6, if the difference of the foregoing
time values exceeds the predetermined threshold value, then the vehicle manager 29
determines that the vehicle 17 is off schedule. However, if the difference of the
foregoing time values is less than the predetermined threshold value, then the vehicle
manager 29 determines that the vehicle 17 is on schedule.

When the vehicle manager 29 determines that the vehicle 17 is on schedule.
the vehicle manager takes no further action regarding the current location values
received from the sensor 18. The vehicle manager 29 merely receives a new set of
location values from the sensor 18 and analyzes the new set of values according to the
methodology described herein. However, when the vehicle manager 29 determines
that the vehicle 17 is off schedule, the vehicle manager 29 generates a status message
and transmits the status message to the base station manager 41, as depicted by block
99 of Fig. 6.

In this regard, the vehicle manager 29 determines whether the vehicle 17 1s
early or late and how far the vehicle 17 is off schedule (e.g., how many minutes or
miles the vehicle 17 is from the location specified by the location values in the
corresponding entry). The vehicle manager 29 then generates a status message
including this information and transmits the status message to the base station
manager 41 via communications devices 44 and 52.

In order to reduce the number of transmissions between the vehicle 17 and the
base station control unit 40, the vehicle manager 29 preferably transmits the status
message to the base station manager 41 only if another status message has not been
transmitted within a predetermined delay period. For example. if a status message has
been sent within the last five minutes, then the vehicle manager 29 refrains from
sending another status message. It should be apparent to one skilled in the art that
other delay periods can be selected to update the location of the vehicle 17 ata

desirable rate.
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Furthermore., it is possible to selectively control the delay period. For
example, when the vehicle 17 stops to make a delivery or is slowly traveling through
congested areas. it may be desirable to increase the delay period to decrease the
number of status messages sent to the base station manager 41. Alternatively, when
the vehicle 17 is traveling quickly and the location of the vehicle 17 is changing
rapidly, it may be desirable to decrease the delay period. Furthermore, when the
vehicle 17 enters an area where no immediate deliveries or pick ups are to made, there
is no immediate need to monitor the vehicle 17 and the delay period can be increased.
The delay periods can be predefined in memory 30a. can be controlled by the operator
of the vehicle 17, or can be controlled via signals transmitted from remote locations to
the vehicle manager 29 (e.g., from the base station manager 41 to the vehicle manager
29 via communications device 44). Other methodologies for controlling the delay
periods are possible.

Another way to reduce the number of transmissions of status messages at
desired times is to selectively increase the predefined amount that the vehicle 17
should be off schedule before a status message is transmitted to the base station
control manager 41. Similar to the changes in the delay periods described above, the
changes to the aforementioned predefined amount can be predefined in memory30a,
can be controlled by the operator of the vehicle 17, or can be controlled via signals
transmitted from remote locations to the vehicle manager 29 (e.g., from base station
manager 41 to vehicle manager 29 via communications device 44).

The input device 34a (Fig. 3) can be used to input changes in the delay period
and/or in the predefined amount that the vehicle should be off schedule before a status
message is transmitted. In this regard, the input device 34 a may include switches.
buttons. a key pad, or any other device that can be manipulated by the operator of the
vehicle 17 to input the changes.

When the base station manager 41 receives a status message, the base station
manager 41 stores the status message in memory 30b. If desired, the base station
manager 41 transmits a message to the user via communications devices 72 and 73
indicating that the vehicle 17 is off schedule and indicating how much the vehicle 17

is off schedule in response to the status message.

27

SUBSTITUTE SHEET (RULE 26)



WO 00/42562 PCT/US00/00750

10

20

The base station manager 41 periodically determines whether a notification
message should be sent to the user indicating that arrival of the vehicle 17 at the bus
stop is imminent (e.g., indicating that the vehicle 17 is ten minutes from the bus stop).
In this regard. the notification message should be sent to the user when the vehicle 17
is within a predetermined proximity (i.e.. a predetermined time or distance) from the
bus stop. To determine whether the notification message should be sent. the base
station manager 41 compares the location values of the current location of the vehicle
17 to the location values of the predetermined location (e.g., the bus stop). If the
difference between the location values of the current location of the vehicle 17 and the
bus stop is greater than a threshold value, then the vehicle 17 is too far from the bus
stop for notification to be sent to the user. Therefore, a notification message is not
generated. However, if the difference between the location values of the current
location of the vehicle 17 and the bus stop is less than the threshold value, then a
notification message is transmitted to the user via communications devices 72 and 73,
unless a similar notification message (i.e.. a message indicating that the vehicle 17 is
off schedule by the same amount) associated with the bus stop has previously been
sent to the user.

In determining the current location of the vehicle 17, the base station manager
41 assumes that the vehicle 17 is on schedule unless a recent status message has been
received. Therefore, the vehicle manager 41 determines which entry in the base
station schedule 39b corresponds to the assumed location of the vehicle 17. In this
regard, the vehicle manager 41 compares the time values in the base station schedule
39b with a lapsed time value indicating how much time has lapsed since the vehicle
17 started the route. The entry having a time value closest to this lapsed time value is
the corresponding entry. The location values associated with the corresponding entry
represent the assumed location of the vehicle 17. Unless a recent status message has
been received. the base station manager 41 uses these location values as the current
location values to be compared against the location values of the predetermined
location (e.g., the bus stop) in order to determine whether a notification message
should be sent to the user. However, if a recent status message has been received,

then the base station manager 41 determines the current location values of the vehicle
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17 based on the recent status message and/or the location values associated with the
corresponding entry.

For example. if the recent status message includes location values indicating
the actual location of the vehicle 17. then the base station manager 41 uses these
values to compare with the coordinate values of the predetermined location (e.g., the
bus stop). However, if the status message only indicates how much the vehicle 17 is
off schedule, then the base station manager 41 calculates the current location values of
the vehicle 17 based on the status message and the location values associated with the
corresponding entry in the base station schedule 39b.

Once the current location values of the vehicle 17 have been determined, the
base station manager 41 compares the current location values of the vehicle 17 with
the location values of the predetermined location (e.g., the bus stop) as previously
described hereinabove to determine whether a notification signal should be
transmitted to the user.

The operation of the preferred embodiment of the present invention has been
described hereinabove in the context where the vehicle manager 29 compares location
values to determine the corresponding entry in the vehicle predefined schedule 39a.
Therefore, the vehicle manager 29 compares the time value associated with the
corresponding entry in the vehicle schedule 39a to determine whether or not the
vehicle 17 is on schedule. However, it should be apparent to one skilled in the art
upon reading this disclosure that time values may be compared by the vehicle
manager 29 to determine the corresponding entry in the vehicle predefined schedule
39a.

In this regard. the entry in the vehicle schedule 39a having a time value most
closely matching the lapsed time value indicated by the clock 38a (i.e.. the value
indicating the amount of time lapsed since the start of the route) can be selected as the
corresponding entry. As a result, the vehicle manager 29 determines how far the
vehicle 17 is off schedule based on distance rather than time. For example, if the
difference between the current location values of the vehicle 17 (as determined by the
sensor 18) and the location values associated with the corresponding entry is greater

than a predetermined threshold value, then the vehicle 17 is off schedule. Otherwise,
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the vehicle 17 is on schedule. Furthermore, regardless of which embodiment is used
to determine how far the vehicle 17 is off schedule, the vehicle manager 29 can
indicate how far the vehicle 17 is off schedule via the status message using either
distance values, time values. or any other type bf values known in the art for
indicating the position of the vehicle 17.

It should be noted that the preferred embodiment of the present invention has
been described hereinabove assuming that the sensor 18 is capable of determining the
vehicle’s location based on signals received from satellites 23. However. this is nota
necessary feature of the present invention, and any type of sensor 18 that may be used
for determining the vehicles position along the route of travel is sufficient for the
purposes of the present invention. For example, the sensor 18 may be designed as an
odometer that indicates how far the vehicle 17 travels. Therefore. the predetermined
points along the route of travel used to determine whether the vehicle 17 is on or off
schedule can be defined in the schedules 39a and 39b relative to their distance from
the starting point of the route. In other words, the location values stored in the
schedules 39a and 39b correspond to distance values indicating how far the
predetermined points are from the starting point of the route. Therefore, the vehicle
manager 29 can determine how far the vehicle 29 is from any of the predetermined
points by determining how far the vehicle 17 has traveled from the starting point of
the route.

In concluding the detailed description. it should be noted that the terminology
“preferred embodiment” herein means the one embodiment currently believed by the
inventor(s) to be the best embodiment of a plurality of possible embodiments.
Moreover, it will be obvious to those skilled in the art that many variations and
modifications may be made to the preferred embodiment(s) without substantially
departing from the principles of the present invention. All such variations and
modifications are intended to be included herein within the teachings of the present

invention in this document and to be protected by the scope of the following claims.
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CLAIMS

Now. therefore. the following is claimed:

1. A vehicle tracking system (10) for use in connection with an advance
notification system (12), the advance notiﬁcatioh system (12) for providing notice to a
party of an impending arrival of a mobile vehicle (17) at a stop along a route to enable
delivery and/or pickup of an item at the stop, the vehicle tracking system (10)
comprising:

(a) a sensor (18) configured to determine a current location value indicating a
current location of said mobile vehicle (17);

(b) a storage device (30a, 30b) configured to store predetermined location
values corresponding with locations along said route, said predetermined location
values respectively associated with corresponding time values;

(c) a manager (29, 41) configured to perform the following steps:

(1) associating a current time and one of said predetermined location
values with said current location of said mobile vehicle (17);

(2) comparing said current time with one of said time values that
corresponds with said one of said location values;

(3) determining whether said vehicle (17) is off schedule based upon
said one of said location values. said one of said time values, said current
location value, and said current time; and

(4) when said vehicle (17) is off schedule by at least a predefined
amount. changing when said party is contacted by the advance notification

system (12).

2. The vehicle tracking system (10) of claim 1, wherein said manager (29,
41) is further configured to perform the step of: (5) creating a vehicle schedule (39a,
39b) by performing the following steps while said mobile vehicle (17) travels along
said route:
(i) determining at least one location of said mobile vehicle (17);
(ii) storing a location value in said storage device (30a, 30b),

said location value corresponding with said location;
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(iii) associating a time value with said location value; and

(iv) storing said time value in said storage device (30a. 30b).
3. The vehicle tracking system (10) of claim 1. wherein step (c)(3)
includes the step of: comparing said current location value and/or said current time
with said one of said predetermined location values and/or said one of said time

values to determine to what extent, if any, said vehicle (17) is off schedule.

4. The vehicle tracking system (10) of claim 1. wherein said manager (29,
41) is further configured to perform the following steps:
(5) monitoring any deviation of said vehicle (17) from said route; and
(6) transmitting an alarm signal when said deviation is greater than a

predefined distance.

5. The vehicle tracking system (10) of claim 1, wherein said storage
device (30a, 30b) includes values defining a geographical region and said manager
(29, 41) is further configured to perform the following steps:

(5) determining whether said vehicle (17) is outside of said
geographical region based on said current location value; and
(6) transmitting an alarm signal in response to a determination that said

vehicle (17) is outside of said geographical region.

6. A vehicle tracking system (10) for use in connection with an advance
notification system, the vehicle tracking system (10) comprising: a sensor (18)
configured to determine a current location value of said vehicle (17), said current
location value indicating a current location of said vehicle (17); a storage device (30a,
30b) configured to store a plurality of entries, each entry having a predetermined
location value corresponding with a respective location along said route and said each
entry also having a predetermined time value associated with said predetermined
location value; a clock device (38a, 38b) having a current time value; and a manager
(29, 41) configured to select one of said plurality of entries and to determine whether
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said vehicle (17) is off schedule based on said one of said entries. said current location

value, and said current time value.

7. The vehicle tracking system (10) of claim 6. wherein said processor is
further configured to determine a deviation indicator indicating a distance said current
location is from said route and to transmit an alarm signal in response to a

determination that said distance exceeds a threshold value.

8. The vehicle tracking system (10) of claim 6, wherein: said storage
device (30a, 30b) includes values defining a geographical region; and said manager
(29, 41) is further configured to determine whether said vehicle (17) is outside of said
geographical region based on said current location value of said vehicle (17) and to
transmit an alarm signal in response to a determination that said vehicle (17) is

outside of said geographical region.

9. A vehicle tracking method that is used in connection with an advance
notification system (12), the advance notification system (12) for providing notice to a
party of an impending arrival of a mobile vehicle (17) at a stop along a route to enable
delivery and/or pickup of an item at the stop, the advance notification system (12)
comprising a satellite receiver (18) for receiving positioning signals. a storage device
(30a, 30b), and a manager (29, 41), the method comprising the steps of:

(a) storing a plurality of location values in said storage device (30a,
30b), said plurality of location values corresponding with locations along said
route;

(b) storing a plurality of time values in said storage device (30a, 30b),
each of said plurality of time values corresponding respectively with said
plurality of location values;

(c) receiving said positioning signals;

(d) associating a current time and one of said plurality of location

values with a current location of said vehicle (17);
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(e) comparing said current time with one of said time valuesn
corresponding with said one of said location values;

(f) determining whether said vehicle (17) is off schedule based upon
said one of said location values, said one of said time values, said positioning
signals. and said comparing step; and

(g) when said vehicle (17) is off schedule by at least a predefined
amount, changing when said party is contacted by the advance notification

system (12).

10. A system (12) for notifying users in advance of the impending arrival
of a mobile vehicle (17) at a predetermined location, comprising:
(a) a plurality of communications devices (52, 72); and
(b) a manager (41) electrically connected to said communications
devices, said manager (41) configured to performing the following steps:

(1) tracking locations of said mobile vehicle (17) as said vehicle
(17) travels by communicating with a vehicle computer-based
apparatus (15) on said vehicle (17) using at least one of said
communications devices (52, 72), said vehicle computer-based
apparatus (15) configured to determine locations of said vehicle (17) as
said vehicle (17) travels;

(2) causing one of said communications devices (52, 72) to call
a user telephone interface (73) when said vehicle (17) is a predefined
proximity relative to said predetermined location, so that said user 1s
notified in advance of an impending arrival of said vehicle (17) at said
predetermined location, said predefined proximity being a predefined
time period, a predefined distance, or a specific location on earth;

(3) assuming that said vehicle (17) is on schedule. unless an
indication otherwise is received from said vehicle computer-based
apparatus (15), by making a telephone call to said user when said
vehicle (17) is believed to be at said predefined proximity, without

receiving information from said vehicle (17) computer-based apparatus
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(15) that indicates that said vehicle (17) is at said predefined ;)roximity;
and

(4) modifying a time when said user telephone interface (73) is
called by said one communications device (52, 72) when said manager
(41) receives notice from said vehicle computer-based apparatus (15)

that said vehicle (17) is off schedule.
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